Tricyclic pyrone analogs: a new class of microtubule-disrupting anticancer drugs effective against murine leukemia cells in vitro.
Novel 1H,7H-5a,6,8,9-tetrahydro-1-oxopyrano [4,3-b][1]benzopyrans were synthesized in Hua's laboratory (code names H5, H10, H14 and H15) and tested for their ability to prevent L1210 leukemic cells from synthesizing macromolecules and growing in vitro. The aryl groups of these tricyclic pyrone (TP) analogs are either 3, 4-dimethoxyphenyl in H5 and H15 or 3-pyridyl in H10 and H14. Since 50 M H5 and H10 both inhibit DNA synthesis and tumor cell growth by 79-100%, concentrations 25 M were used in this study to assess the structure-activity relationships for this class of compounds. At 10-25 M, H5 and H14 are more potent inhibitors of DNA, RNA and protein synthesis than H10. In contrast, at 5-25 M, H10 is much more effective than H5 and H14 at inhibiting the growth of L1210 cells over a 4-day period. Interestingly, H15 inhibits DNA synthesis as much as H10 but fails to alter tumor cell growth. This discrepancy between the ability of TPs to inhibit macromolecule synthesis and leukemic cell growth suggests that other molecular targets may be involved in the antitumor action of these drugs. Their short-term inhibition of nucleic acid synthesis is reversible following drug removal but their long-term inhibition of tumor cell growth is not. Moreover, 25 M H5 and H10 are not cytotoxic at 2 days but equally decrease cell viability at 4 days, suggesting that the potent and irreversible inhibition of cell proliferation observed 1-4 days after H10 treatment is not solely caused by drug cytotoxicity. The effectiveness of H10 as inhibitor of L1210 cell growth is comparable to that of a spectrum of representative anticancer drugs. A critical finding is that 5 M H10 blocks the polymerization of purified tubulin by 90% and, therefore, may be a novel microtubule de-stabilizing drug. Indeed, H10 inhibits tubulin polymerization and L1210 cell growth as much as 5 M of vincristine (VCR). In contrast, 5 M H5 alters neither tubulin polymerization nor tumor cell growth. The ability of H10 to disrupt microtubule dynamics indirectly suggests that TPs may be novel cell cycle-specific anticancer drugs useful for arresting mammalian cells in mitosis.